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Physical chemistry has vastly expanded
its boundaries. Modem instrumentation
iechniques allow for increasingly subtle
features of molccular behaviour to be
analysed, while computer simulation me-
thods have strongly influenced theoretical
analysis. The systems examined by physi-
cal chemists have also widened in range
and complexity. The topics of inlerest
can vary from the predilections of di-
atomics placed in selected energy states
to structural transitions in lipids and che-
mical gels. Students and researchers alike
desperately need a source which provides
a quick update on the remarkable progress
being made 1n a variety of subjects, The
seties Annual Reviews of Physical Che-
mistry has proved invaluable over the
years in this regard.

The format of the senes is by now
well established. Each volume begins with
a Prefatory chapter by an eminent senior
physical chemist, In volume 42, E. Hirota
presents with characteristic oriental hu-
mility his contnbutions in microwave and
infrared speciral studies of reactive in-
termediates. Accurate determination of po-
tential energy functions for methyl and
silyl radicals, extension 1o photolysis of
methyl iodide and the study of species
generated in silane discharge plasma are
discussed. His account of early difficulties
in setting up facilities, partly due to a
ban on export of critical diodes by USA,
and the years spent without any posilive
results will strike a sympathetic chord
among many experimenial physical che-
Mists.

Besides the Prefatory chapter, five other
reviews deal with spectroscopy, in one
form or the other, K. Muller-Dethlefs
and E. W. Schlag describe High-Resolu-
tion Zero Kinetic Energy (ZEKE) Photo-
electron spectroscopy which they deve-
loped in 1984, Conventional photoelectron
spectroscopy is a useful technique for
determining the electron states and in
tum understanding the nature of bonding
in molecular systems. Typically, the kin-
etic energies of the stream of electrons
cjiected by photoionization are measured
in this procedury. Even with the best
detectors, the resolution limit seems (o
be no better than 10 meV. The ZEKE
method seeks to overcome this difficulty,
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If the photon energy exactly matches the
cnergy difference between an tonic mol-
ecular state and a neutral state, ionization
teads to an electron with zero kinctic
encrgy. By usting tunable lasers, resonant
two-photon ionization, and an ingenious
method 1o detect ZEKE electrons it is
possible to obtain the PE spectrum from
state selected molecular systems. Along
with the expertmental details, several ap-
plications to diatomics, polyatomics, hy-
drogen bonded and van der Waals com-
plexes are provided.

Some recent studies of photolytic gene-
ratton and ESR investigation of organic
radicals and radical 1ons are reviewed by
T. Shida. The examples cited are quite
interesting and occasional reinterpretations
are provided. However, the article 1s poor-
iy organized. Although many recent re-
views are cited the present review 1s
somewhat unfocused.

Several reviews cover the applications
of spectral techniques for studying more
complex systems. For example, T. El-
saesser and W, Kaiser have discussed
vibrational energy relaxation of polyato-
mic molecules in the liquid phase as
determined by femto- and picosecond spe-
ctroscopy. M. D. Ediger has described
the use of time resolved optical studies
of local polymer dynamics. The nature
of information available from such studies
is illustrated with examples from anthra-
cene-labelled polystyrene and polyiso-
prene in dilute and concentrated solutions
and in bulk.

C. Dybowski, N. Bansal and T. M,
Duncan have highlighted the use of xenon
NMR for probing microporous materials,
Xenon readily occupies vacant spaces
available in polymers, organic lattices and
in zeolites. Two of its abundant isotopes
have magnetic moments. Most important-
ly, the NMR chemical shifts of the in-
cluded xenon is highly sensitive to the
local environment and dynamics. Hence
xenon NMR offers an exceilent oppor-
tunity for probing the chemical nature of
a variety of materials. There are many
problems too, such as excessively large
variations in resonance shifts due to non-
chemical reasons (collision pactner and
rate, temperature, etc,) and the weakness
and non-specific nature of Xxenon-host
interactions. There is plenty of scope for
additional experimental and theoretical
studies to make xenon NMR a powerful
analytical tool,

The possibitily of determining high re-
solution protein structures in solution
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using multidimensional NMR has been
analysed by T. L. James and V. J. Basus,
Although the lopic has been thoroughly
reviewed on several ocCcasions in view
of its significance, a good non-mathe-
matical summary is presented here. The
procedures available for accurate spectral
assignments are summarized, followed by
an account of obtaining distance con-
strainis. Many computationat aitds are dis-
cussed. The performance of NMR is
critically evaluated by including compari-
sons with X-ray diffraction results. Being
a pacticulasly active area of vesearch,
many recent examples have been cited,

A related review of considerable inter-
est is by A, T. Bringer on the use of
simulated annecaling in macromolecular
crystallography. The difficulties in refin-
ing structures of large molecules from
X-ray diffraction data are widely known,
Simulated annealing has turned out to be
a powerful computational technique in
solving this problem in many cases. While
the methodology has widespread applica-
tions in a variety of fields, the author
has focused on crystallographic applica-
tions, The technical details associated with
the procedure are described qualitatively,
with many references. A number of rtep-
resentative applications have also been
discussed.

Two other reviews discuss the com-
bined use of computational and exper-
mental techniques for analysing complex
problems. R. C. Cohen and R. J. Saykally
have discussed the methodologies 1o be
used for accurately determining multi-
dimensional potential surfaces and inter-
molecular dynamics from vibrational—
rotational tunneling spectra of smail van
der Waals complexes. At the other ex-
treme, R. J. D. Miller has considered the
problem of vibrational energy relaxation
of heme proteins. The corresponding ener-
gy exchanges occur in the picosecond
range and are distinct from structural
dynamics. The progress made and the
challenges which remain have been point-
ed out.

C. Shannon, D. G. Frank and A. T,
Hubbard have drawn from their own work
to provide a very readable account of
electrode rcactions of well characterized
adsorbed molecules. By combining
vacuum techniques and spectral methods
to the study of electrochemical processes
valuable insights have been obtained on
the nature of the electrode interface and
its conseqguence on the chemical processes
which occur at the surface.
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With a general tile *Reactions on tran-
sitton metal surfaces’, C. M. Friend and
X, Xu have discussed transition metal-
induced oxygen addition and removal re-
actions on structurally characterized single
crystal metal surfaces, A combination of
several ultrahigh vacuum spectral techni-
ques has been used to study the Kinetics,
product distributions as well as to identify
surface intermediates, While the number
of systems studied is rather limited, these
studies are aimed at a molecular level
understanding of surface processes and
ultimately of catalysis.

M. Moskovits has also taken a very
broad subject for coverage, viz. metal
clusters. Many intriguing questions are
raised, e.g. the point at which molecular
properties converge to bulk values. How-
ever, the author is very selective in the
topics discussed. Among the many pro-
posals concerning structure and dynamic
of clusters, the jellium model has been
evaluated in some detail. There is bref
mention of chemistty and spectroscopy
of clusters.

Quantum chemical methods have long
been the staple of theoretical chemistry.
In this volume, the techniques availabie
for studying large syslems have been
reviewed by R. A. Foesner. A conven-
tional approach is based on the capabilities
of the Gaussian 90 program package. The
density functional approach for studying
large molccules through the DGAUSS
program is also discussed. The author
has described his own pseudospectral me-
thod in some dctail and ends with an
optimistic outlook. K. Raghavachari has
summarized the recent advances made in
electron correlation techniques., A bnef
account of confliguration interaction, per-
turbation methods, coupled cluster tech-
niques and Brueckner orbital methods is
provided. The performance of various ap-
proaches is critically evaluated with a
few representative examples. Both seviews
are non-mathematical.

A large number of anticles deal with
computer simulation studies for a variety
of problems, J. L. Barrat and M. L. Klein
have discussed recent MD simulations of
supercooled liquids near the glass transi-
tion, The authors have concentrated on
validataling mode coupling theories of
the dynamics ncar the glass transition.
Most of the results discussed are for
simple modgl fluids to assess the universal
characier of glassy behaviour. Dynarmcs
of suspended cotloidal spheres is thie topic

of review by R. B. Jones and P. N. Pusey.
After briefly describing the experimental
technique of studying Brownian motion
of colloidal particles at equilibrium by
dynamic light scattering, theoretical des-
criptions and current status of stmulation
methods are also discussed. The use of
computer simulations for obtaining mole-
cular level understanding of electron tra-
nsfer reactions in solution and 1n
photosynthetic reaction centres has been
described by A. Warshel and W. W,
Parson. This review essentially provides
an account of the work carried out by
the authors in the last few years.

Among other theory-oriented articles is
a review by J. E. Martins and D. Adolf
on the sol-gel transition. Current kinetic
and equilibrium theornies are described.
Experimental results on kinetics of cluster
formation and the nature of cluster struc-
tures are evaluated. The remarkable vis-
coelastic behaviour of incipient gels is
also considered. The article is {full of
subjcctive comments. In contrasting style,
N. S. Lewis has provided a umfied dis-
cussion on the theory of charge transfer
rate constants in semiconductor/liquid in-
terfaces. A basic framework is presented
with which charge transfer rates in diverse
systems can be understood. Outstanding
questions are also clearly stated. A dif-
ferent interfacial system, viz. lipid mono-
layers, is the subject of review by H. M.
McConnell. The use of epifluorescence
microscopy to study structures and tr-
ansitions of coexisting lipid monolayer
phases at the air—water interface is high-
highted. Present theoretical understanding
of these systems is described.

Two reviews emphasize the overlap of
physical chemistry with materials science,
Various aspects of the synthesis of dia-
mond through chemical vapour deposition
have been discussed by F. G. Celii and
). E. Butler. After describing the chemi-
cal nature of diamond surfaces, various
nucleation and surface growth processes
are analysed. Sevcral experimental tech-
niques for monitoring the nature of dia-
mond CVD and also theoretical models
for the kinctics and growlh ar¢c sum-
marized. Another highly rcadable article
is on structure and propertics of quasicrys-
tals by A. I. Goldman and M. Widom.
Diffraction patterns of severul alloys with
icosahedral symmetry are first described.
This is followed by a discussion of struc-
wres determined in real space through
microscopy, ete. Availuble theoretical
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models to account for the occurrence of
five-fold symmetry in these structures are
presented. Finally, the possibility of
quasicrystalling materials possessing un-
usual electronic and magnetic properties
is raised, including a reference to the
suggested use of quasicrystals as low-
friction coatings on aluminium frying pans.

The final review in the volume, ‘Strato-
spheric ozone depletion’ by F. S. Rowland
is highly topical. The author was among
the first to sound alarm bells on the
disastrous consequences of vsing chloro-
fluorocarbons on our planet's protective
ozone layer. In the present review, he
has given a summary of various free
radical reactions in the stratosphere with
accurate rate constants and their ozone
depletion potential. Detailed data from
measurements of ozone concentrations at
different times and locations are given.
Regulations of global CEC emissions en-
acted in recent years are also listed.

Overall, the volume is overwhelming
in its sweep of topics covered. Unfor-
funately, there is little effort at organiza-
tion. The grouping of subjects adopted
by major journals like the Journal of
Physical Chemistry (in the contents page)
or Journa! of Chemical Physics (in the
subject index) would be useful. Further,
there is not much uniformity in the style
of presentation. Some authors provide
critical reviews, while others are satisfied
with a personal account of their coatn-
butions. Perhaps the editorial committee
worked with impossible deadlines. How
else can one explain the poor referencing
in some cases, with some ‘deleted in
proof’? Or the concluding paragraph of
an article which reads: ‘Future research
may illuminate the universality class of
gelation, but sociological factors will pro-
bably maintain the hugger-mugger; even
the most scrupulous researchers may find
their expectations anxiously awaiting when
they knock upon the laboratory door.
Still, science has nlways progressed des-
pite this limitation, and we expect no
less in the ficld of gelation'. In spite of
these criticisms, the volume is strongly
recommended for libiaties and research
groups. There 18 Sumﬂ'lhiﬂg of nterest
for everyone,
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